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Radionuclide angiography and echocardiography provide 
accurate clinical assessment of systolic left ventricular func- 
tion. In contrast, although several noninvasive variables of 
diastolic function have been proposed, none are routinely 
employed in clinical practice. This is unfortunate because 
symptoms and signs of congestive heart failure are often 
caused by diastolic rather than systolic dysfunction, espe- 
cially in patients with hypertension, hypertrophic and re- 
strictive cardiomyopathy and pericardial constriction. Rec- 
ognition of diastolic dysfunction in the absence of systolic 
dysfunction is important because of the differences in appro- 
priate patient management (I). 
Assessment of diastolic ventricular function. Clinical ap- 
plication of diastolic functional indexes has been hampered 
by a lack of investigator agreement on optimal variables, 
questions of load dependence of these indexes and uncer- 
tainty over which variables best predict clinical outcome (2). 
The assessment of diastolic function is usually classified into 
three components: ventricular relaxation, chamber stiffness 
and myocardial stiffness (3). Ventricular relaxation is best 
described by isovolumetric relaxation indexes such as neg- 
ative rate of rise in pressure (-dP/dt) and 7. Assessment of 
the passive elastic properties of the ventricle (chamber and 
muscle stiffness) requires accurate simultaneous measure- 
ment of pressure and volume. Chamber stiffness is generally 
defined as the change in pressure relative to a change in 
chamber volume (dP/dV). Its reciprocal is chamber compli- 
ance. The ratio dP/dV is load dependent and increases 
exponentially with volume, the slope of the relation being 
used as a hemodynamic index of chamber stiffness. Myocar- 
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dial stiffness represents the resistance to myocardial stretch- 
ing (force per unit area) when it is subjected to a strain 
(change in length per unit length). The calculation requires 
measurement of wall thickness and assumptions of chamber 
geometry. The differentiation of abnormal chamber from 
muscle stiffness is central to the clinical separation of 
pericardial constriction from myocardial restriction. 
Present study on constrictive versus restrictive filling pat- 
terns. Noninvasive assessment of diastolic function has 
been performed by both radionuclide angiography and echo- 
cardiography. Radionuclide measurements of peak filling 
rate (in volumes per second usually normalized to end- 
diastolic volume) and time to peak filling rate and Doppler 
echocardiographic measurements of early filling/late filling 
(E/A) area and height ratios and deceleration time are the 
commonly used indexes (4-6). These variables are “pattern 
recognition” indexes of diastolic function and cannot be 
simply related to true hemodynamic measurements. In this 
issue of the Journal, Aroney et al. (7) report a first pass 
radionuclide angiographic assessment of diastolic filling in 
patients with pericardial constriction or restrictive cardio- 
myopathy or both. They found that time to peak filling rate, 
peak filling rate normalized to stroke volume and atrial filling 
contribution were able to separate patients with either con- 
striction or restriction with combined pathologic states hav- 
ing intermediate filling patterns. 
The finding that patients with pericardial constriction 
have an earlier peak, a higher proportion of early diastolic 
filling compared with late diastolic filling and more rapid 
early diastolic filling than those with restrictive cardiomyop- 
athy is consistent with clinical experience and experimental 
studies. Tyberg et al. (8) were able to differentiate the filling 
curves of normal subjects from those of patients with con- 
striction or restriction using digitized left ventriculograms. 
Janos et al. (9) reported similar results using digitized 
M-mode echocardiograms. Doppler echocardiography ap- 
pears especially promising for clinical pattern recognition. 
Doppler findings in constrictive pericarditis include in- 
creased early diastolic filling velocity (large E) followed by 
rapid deceleration of early filling leading to a shortened filling 
period and little additional filling during late diastole (small 
A) (7,lO). Doppler filling patterns in restrictive cardiomyop- 
athy appear to be similar to those found in hypertensive 
patients and those with ischemic heart disease (impaired 
relaxation, slow early diastolic filling and large atrial com- 
ponent) (7.1 I), but reportedly in more advanced stages of 
disease resemble those of constrictive pericarditis (11). 
The predictive accuracy of noninvasive differentiation of 
restriction and constriction needs to be examined prospec- 
tively. In the current study of Aroney et al. (7). all patients 
had already been classified by assessment of pericardial 
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thickness by echocardiographic or nuclear magnetic reso- 
nance imaging or both. Nuclear magnetic resonance imaging 
may be especially helpful because of its ability to differen- 
tiate the purely fibrous or calcified pericardium of chronic 
constrictive pericarditis from the subacute forms caused by 
irradiation or uremia (12). The finding of thickened or 
calcified pericardium, however, does not invariably predict 
that constrictive physiology is present and that hemody- 
namic benefit will result from pericardial stripping. The 
findings in the current study would be considerably strength- 
ened by prospective data indicating that noninvasive assess- 
ment of diastolic function is accurate in predicting pericar- 
dial involvement, endomyocardial biopsy and operative 
findings as well as the clinical course after pericardial 
stripping. 
Noninvasive versus hemodynamic variables of diastolic 
dysfunction. The specific relation between noninvasive and 
classic hemodynamic variables of diastolic function also 
needs additional clarification. Magorien and colleagues (13) 
have recently demonstrated that peak filling rate correlate 
better with isovolumetric relaxation indexes than with mea- 
surements of chamber stiffness. Radionuclide angiographi- 
tally determined peak filling rate is not a pure index of 
diastolic function because it has been shown to vary directly 
with ejection fraction (14). It is also markedly influenced by 
several hemodynamic variables including preload, afterload 
and heart rate (15). As has been true for most noninvasive 
estimates of diastolic function, the loading conditions in the 
patients studied by Aroney et al. (7) are highly variable and 
unaccounted for. Clearly, classic findings of diastolic pres- 
sure equalization in constrictive pericarditis depend on the 
presence of adequate or increased intravascular volume. The 
acceptance of noninvasive indexes of diastolic function will 
depend on greater knowledge of their load dependence and 
the need to better define the conditions under which the 
measurements are determined. It will also be necessary to 
demonstrate that the degree of diastolic abnormality and 
clinical course correlate with the noninvasive variable or 
variables chosen. 
Noninvasive techniques have made immense contribu- 
tions to imaging of cardiac anatomy and measurement of 
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systolic function, but their precise role in assessing diastolic 
function remains to be determined. 
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